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Abstract 
CNNC EVERCLEAN Co., LTD has completed 9 batches, 18 container times of the spent fuel transportation of 
DaYaBay Nuclear Power Plant in five years during 2005 to 2009. The statistics of external irradiated personal dose 
data for each transportation is made in this paper, also the personal dose level and change trend of spent fuel 
transportation for DaYaBay Nuclear Power Plant is analyzed and the recommendations on the management target 
value for spent fuel transportation for DAYABAY Nuclear Power Plant is proposed, so as to provide reference of 
occupational health and radiation security management for the company in the future. 
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1. Introduction 
Spent fuel transportation is the link between nuclear power plant and reprocessing plant (or high-level 
radioactive treatment plant). It controls the continuous operation of upstream (nuclear power plant) and 
downstream (reprocessing plant) to a certain extent. Therefore, spent fuel safe transportation is one of the 
essential conditions of nuclear power development and one of the important problems which are required 
to be solved for nuclear power development. The amount of accumulative transported spent fuel in the 
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countries all over the world is tens of thousands of tons. Transportation of spent fuel has set a record of no 
container injury leakage, no dose personal injury loss and no adverse impacts on the environment, which 
realizes multiple absolute safety [1]. 
Spent fuel transportation must ensure the radiation safety. The monitoring and control of external 
irradiated personal dose is an important means. It is indicated from spent fuel transportation experience 
from foreign countries in dozens of years that external irradiated personal dose received by spent fuel 
transportation workers is in a low security level. For example: During 1997 to 1998, 6 times of spent fuel 
transportation was completed by Gemein-schaftskemkraftwerk Neckar (GKN) nuclear power plant in 
Germany. Among which, the maximum effective collective dose of loading workers for each container is 
4.5 mSv, while the maximum effective personal dose is 0.26 mSv.  Meanwhile, the maximum effective 
collective dose of fastening and transportation workers is 0.35 mSv, while effective personal dose of 
policemen who are responsible for the security is less than 0.1 mSv[2]. 
There are also nearly 10 years of experience in spent fuel safe transportation in our country. Among 
which, spent fuel transportation of DaYaBay Nuclear Power Plant is the only commercial nuclear power 
plant spent fuel transportation project, which has operated safely for many years. This paper analyzes the 
monitoring data of external irradiated personal dose of workers participated in the spent fuel 
transportation project for DaYaBay Nuclear Power Plant from 2005 to 2009 and discusses relevant 
problems for radiation safety management. 
2. Experimental data 
CNNC EVERCLEAN Co., LTD has completed 9 batches, 18 containers times of the spent fuel 
transportation of DaYaBay Nuclear Power Plant in five years during 2005 to 2009. In this period, 
thermoluminescence personal dosimeter ( n) was used for external irradiated personal dose monitoring. 
The total number of personal dose monitoring was 582 person-times, accumulative effective dose was 
69.26 mSv and effective dose per capita was 0.12 mSv. For workers who participated in the spent fuel 
transportation of DaYaBay Nuclear Power Plant, the maximum annual effective personal dose within five 
years was 3.51 mSv/a.  
DaYaBay Nuclear Power Plant spent fuel transportation is composed of three stages of work including 
loading, highway transportation and offloading. External irradiated personal dose monitoring statistics of 
each stage is shown in Table 1. 
Table 1. Statistics of Personal Dose Monitoring for Each Stage 
Stage Person-time 
Accumulative Effective Dose 
(mSv) 
Effective Dose Per Capita 
(mSv) 
Loading 86 39.24 0.46 
Highway Transportation 461 26.88 0.06 
Offloading 35 3.14 0.09 
Total 582 69.26 0.12 
3. Dose Data Statistics and Analysis 
3.1. Effective Collective Dose 
Effective collective dose refers to the dose received by all of the workers who are involved in the 
whole project or a stage of the project. It reflects the overall radiation safety status. The effective 
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collective dose statistics of spent fuel transportation for CNNC EVERCLEAN Co., LTD during 2005 to 
2009 is shown in Figure 1. It is indicated from the figure that:  
(1) Effective collective dose in the loading stage makes the greatest contribution to the transportation 
project. Meanwhile, the fluctuation range of effective collective dose in the loading stage during five 
years is big due to the uneven radiation hotspots of the loading work and different burn-up depth of 
loading modules. Need to pay attention to the radiation protection work. 
(2) Effective collective dose in the highway transportation stage shows the trend of decrement year by 
year with constant improvement of transportation route, reduction of the fleet workers and reduction 
of the transportation time.  
(3) In the offloading stage, workers in our company are only responsible for the witness work. Therefore, 
effective collective dose maintains in a low level. 
(4) Total effective collective dose of spent fuel for the nuclear power plant during 5 years basically 
shows the trend of decrement year by year. It shows the continuous improvement in radiation 
protection of spent fuel for the nuclear power plant. However, effective collective dose in the second 
transportation loading stage in 2009 shows a big growth compared with that in the previous years. It 
shows that the radiation protection work in the loading stage needs to be further paid attention to and 
improved. 
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Figure 1. Effective Collective Dose of Spent Fuel Transportation for DaYaBay Nuclear Power Plant During 2005 to 2009. 
3.2. Effective Dose Per Capita 
Effective dose per capita can reflect the average level of external irradiated dose received by the 
worker who participates in the project or a stage of the project. It can also reflect the overall radiation 
safety status of the project from another aspect. The statistics of effective dose per capital of spent fuel 
transportation for DaYaBay Nuclear Power Plant during 2005 to 2009 is shown in Figure 2. It is indicated 
from the figure that:  
(1) Effective dose per capita in the transportation and offloading stage maintains in a low level (below 
0.2 mSv). 
(2) Effective dose per capita in the loading stage is the maximum. As the number of loading workers is 
reduced (it is reduced year by year from 17 persons in the first transportation in 2005 to 6 persons in 
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the second transportation in 2009). The increment in work load per capita enables effective dose per 
capita to increase year by year. Maximum value (in the second transportation in 2009) is 1.01 mSv. 
Effective dose per capita of spent fuel for the nuclear power plant during 5 years maintains in a stably 
low level (0.09 ~ 0.14 mSv). 
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Figure 2. Effective Dose Per Capita of Spent Fuel Transportation for DaYaBay Nuclear Power Plant During 2005 to 2009. 
3.3.  Maximum Annual Effective Personal Dose 
Table 2. Statistics of the Maximum Annual Effective Dose of Workers Who Participate in the Spent Fuel Transportation for 
DaYaBay Nuclear Power Plant During 2005 to 2009 
 Annual Effective Personal Dose Year Project Stage Participated Effective Personal Dose mSv/a  
05/1 Loading 0.73  05/1 Offloading 0.20 
 
 
 
 
 
 
 
 
 
 
 
 
In order to ensure the occupational health of the workers, we must control their annual effective 
personal dose. For annual effective personal dose, the national requirement (Basic Standard of Ionizing 
Radiation Protection and Radiation Source Safety (GB 18871-2002) [3] is: Under normal circumstances, 
05/2 Loading 0.87 2005 1.98 
05/2 Offloading 0.27 
06/1 Loading 1.02 
06/1 Offloading 0.4 2006 2.12 
06/2 Loading 0.7 
07/1 Loading 0.71 
07/2 Loading 1.49 2007 2.36 
07/2 Offloading 0.16 
08/1 Loading 1.55 2008 1.59 08/1 Transportation 0.04 
09/1 Loading 1.12 
09/2 Loading 2.35 2009 3.51 
09/2 Offloading 0.04 
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the limit of occupational irradiated dose is - systemic effective dose is: 20 mSv/a (average dose within 5 
years), the dose of any one year is 50 mSv/a. Management target value in our company is 5 mSv/a. 
Therefore, we pay attention to the maximum effective personal dose and hope to control it in the range 
required by the national standard and the company’s requirements. 
For workers who participate in DaYaBay Nuclear Power Plant spent fuel transportation, statistics of 
the historical maximum annual effective personal dose is shown in the Table 2. It is indicated from Table 
2 that loading/offloading workers have the maximum irradiated dose among the workers who participate 
in the nuclear power plant spent fuel transportation over the years. The annual maximum effective 
personal dose for the nuclear power plant spent fuel transportation in 5 years is 3.51mSv/a, which is 
controlled in the limit of the national standard and the company’s requirements.  
4. Suggestion on the Management Target Value of External Irradiated Personal Dose of Spent Fuel 
Transportation Project for DaYaBay Nuclear Power Plant 
(1) Management of personal dose is divided into the following three levels:Limit of dose regulated by 
the state [1]: under normal circumstances, the limit of occupational irradiated dose is - systemic 
effective dose is: 20 mSv/a (average dose within 5 years), the dose of any one year is 50 mSv/a. 
(2) Management target value for the company is 5mSv/a. 
(3) Management target value for each project: control the external irradiated dose of the workers for the 
project through setting and implementing the maximum management target value of effective 
personal dose and effective dose per capita. 
4.1.  Maximum Management Target Value of Effective Personal Dose in Loading Stage 
The effective personal dose of spent fuel for nuclear power plant in the loading stage is quite high, so 
the maximum effective personal dose in the loading stage should be controlled. The maximum effective 
personal dose of spent fuel transportation of nuclear power plant for each batch in the loading stage is 
shown in Figure 3. 
 
 
 
Figure 3. Maximum Effective Personal Dose of Spent Fuel Transportation in the Loading Stage for DaYaBay Nuclear Power Plant 
During 2005 to 2009. 
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Maximum management target value of effective personal dose of spent fuel transportation for loading 
workers of nuclear power plant is proposed to be set as 2.5mSv due to the following two reasons: 
(1) It can be indicated from the statistical data that through the reasonable allocation of content and 
working time for loading workers, the maximum effective personal dose in the loading stage can be 
controlled below 2.5mSv. 
(2) If the maximum effective personal dose for loading workers can be controlled below 2.5mSv, 
considering that a worker will take part in spent fuel transportation of nuclear power plant twice a 
year, so the maximum annual effective personal dose can be controlled to 5mSv/a, which is within 
the range of the management target value for the company. 
4.2. Management Target Value of Effective Dose Per Capita of Spent Fuel Transportation for DaYaBay 
Nuclear Power Plant 
Control the total irradiated dose of the workers for the project by developing the management target 
value of effective dose per capita of spent fuel transportation for DaYaBay Nuclear Power Plant. It is 
indicated from Figure 2 that the dose per capita of transportation for each batch in 5 years is between 0.09 
~ 0.14 mSv, with small change range. Therefore, the management target value of effective dose per capita 
of spent fuel transportation is suggested to be set as 0.2 mSv. 
5. Conclusion 
(1) The total effective collective dose of spent fuel transportation for DaYaBay Nuclear Power Plant 
shows the trend of decrement year by year during the five years from 2005 to 2009 due to constant 
improvement of transportation route, reduction of the fleet workers and reduction of the 
transportation time for nuclear fuel transportation project. 
(2) Effective dose per capital of spent fuel transportation for DaYaBay Nuclear Power Plant during the 
five years from 2005 to 2009 has maintained in a stably low level (0.09 ~ 0.14 mSv). However, the 
effective dose per capita in the loading stage has increased, with the highest level of 1.01 mSv. 
(3) Among the workers who participated in the spent fuel transportation for DaYaBay Nuclear Power 
Plant in the past few years, the irradiated dose of the loading workers is the maximum. Over the five 
years, the maximum annual effective personal dose for loading workers of spent fuel transportation 
for DaYaBay Nuclear Power Plant is 3.51 mSv/a, which is controlled within 5mSv/a , the 
management target value for our company.  
(4) Suggestions on the management target value of spent fuel transportation for DaYaBay Nuclear 
Power Plant is: the maximum management target value of effective personal dose for loading 
workers in each time of loading is 2.5 mSv, while the management target value of effective dose per 
capita in all stages of the project is 0.2 mSv. 
(5) The statistics and analysis of external irradiated personal dose of spent fuel transportation for 
DaYaBay Nuclear Power Plant and the discussion on management of target value can be the 
reference for the management of personal dose of spent fuel transportation for other nuclear power 
plants in the future. 
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